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Abstract 
In the past, steering feel in trucks was a compromise between acceptable steering torques at low velocities and a direct steering 
feel at higher velocities. Today, steering characteristics can be specifically adapted to the current driving situation due to the use 
of electric power steering systems. Following the human-centred design for interactive systems (ISO 9241-210) [1], the end user 
of a product must be included into the development process. Thus, a questionnaire to measure steering feel in truck drivers was 
designed. Therefore, evaluation criteria were derived from interview studies (N = 76 drivers) and the literature. Afterwards, 
vehicle dynamics experts supplied them with specific descriptions to maximize comprehensibility and determined the ideal 
situations in which the criteria can be assessed. Based on another interview study (N = 98 drivers) and a subsequent cluster 
analysis, the criteria were allocated to dimensions of steering feel. Lastly, a driving study (N = 41 drivers) was conducted to 
evaluate and further improve the questionnaire. In future research, it can be used to measure and optimize steering feel from the 
truck drivers’ perspective. 
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1. Introduction 
Steering is part of the primary driving task [2] and as such elementary for driving safety and comfort. Passenger 
cars have made huge improvements in steering comfort in the last years. Electric power steerings, which are 
standard today, offer the opportunity to specifically improve steering feel. For example, steering characteristics can 
be adapted to the vehicle type, e.g. sportscar or sedan. Additionally, driver assistance systems can be implemented. 
In contrast to this, state of the art in trucks is a hydraulic power steering. Today, some trucks are already equipped 
with combinations of an electric and hydraulic power steering. Due to this technological progress, steering feel in 
trucks gains more and more attention. 
Up to now, steering feel is mainly assessed by experts in vehicle dynamics. Experts have a detailed understanding 
of lateral dynamics and experience with many different vehicles. Moreover, they are trained in evaluating steering 
feel and are familiar with relevant evaluation criteria. Additionally, their evaluations have a higher retest-reliability 
and lower variance compared to non-experts [3]. Truck drivers, on the other hand, usually do not have special skills 
or abilities in lateral dynamics [4]. They are also not familiar with evaluating steering feel. Consequently, truck 
drivers’ evaluations are not based on experience or technical knowledge of the steering system. However, they have 
more experience in driving as they have a higher annual mileage compared to experts. Although experts try to 
evaluate steering feel from a truck driver’s perspective, it must be doubted that ratings are identical. Following the 
human-centred design for interactive systems [1], the end user of a product should be directly involved in the 
development process. Some authors already made the attempt to design a suitable questionnaire, but failed to 
develop a questionnaire which covers all aspects of steering feel [5], which is comprehensible for non-experts [6,7] 
and which was controlled for its psychometric properties [8,9]. Additionally, applicability on trucks is limited as 
they focused on passenger cars [5,6,7,9]. 
Hence, a method to evaluate steering feel in truck drivers was developed. Firstly, a questionnaire suiting the 
expertise of truck drivers was designed. Thus, relevant evaluation criteria were gathered and the evaluation process 
was adapted to the target group. Secondly, an appropriate rating scale was chosen to maximize data quality. 
2. Questionnaire development process 
An overview of the development process can be seen in Fig. 1. As truck drivers are the target group of this 
questionnaire, they were involved in most of the six stages of development. 
2.1. Collection of non-expert criteria 
Firstly, an interview study with N = 31 drivers was conducted to gather common expressions to describe steering 
feel from the truck drivers’ perspective. The interviews lasted approximately 10 min each. Interviewees were 
recruited at motorway service areas in Germany and received incentives for participation. All subjects were male, 
50.0 years old (SD = 13.0) on average, have been driving a truck for 23.6 years (SD = 15.2) and had an annual 
mileage of 86.4 tkm (SD = 46.9). Prerequisite for participation was a professional activity as truck driver and good 
knowledge of the German language. After a short introduction, subjects were asked to mention all evaluation criteria 
or aspects of the steering system that crossed their minds. As a support, they should think of especially good or bad 
 
Collection of non-expert criteria      ս Reduction of non-expert criteria     
 ս Exploratory driving study    
  ս Inclusion of descriptions and driving situations   
   ս Dimensions of steering feel  
    ս Depicted rating scale 
Fig. 1. Stages of the development process. 
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steering systems they have used. Lastly, special demands of the steering system when maneuvering or driving in the 
city, on country roads and on highways should be identified. Subjects mentioned 8.5 criteria on average (Min = 3, 
Max = 17, SD = 3.67). In total, 85 different criteria were gathered. However, it must be stated that the interviewees 
had a limited active vocabulary in terms of steering feel. This may result from the fact that feedback from the 
vehicle and steering system are processed both consciously and subconsciously [6]. 
In addition to the interview study, 25 criteria mentioned in trade magazines for truck drivers were included. This 
step seemed necessary as the media influences the drivers’ perception of a vehicle. Additionally, drivers should be 
familiar with the criteria mentioned in these magazines as they are their target group. 
Thirdly, also well-established criteria should be represented. Thus, all items from a questionnaire by Rothhämel, 
Drugge, and Ijkema [10] were professionally translated into German and included. In contrast to other published 
questionnaires these criteria use simple words and require a low level of expertise in lateral dynamics. All in all, 145 
items were collected.  
2.2. Reduction of non-expert criteria 
A first reduction was conducted by the authors to exclude incomprehensible (e.g. intuitive), irrelevant (e.g. 
steering wheel is too big) or synonymous criteria (e.g. easy and easy going). 
Subsequently, N = 45 drivers were interviewed in order to further reduce the criteria. The interviews lasted 
approximately 10 min each. Interviewees were recruited at motorway service areas in Germany and received 
incentives for participation. All subjects were male, 46.0 years old on average (SD = 12.8), have been driving a truck 
for 18.8 years old (SD = 12.9) and had an annual mileage of 120.4 tkm (SD = 49.9). Prerequisite for participation 
was a professional activity as truck driver and good knowledge of the German language. After a short introduction, 
subjects were presented a list containing the remaining 53 items and instructed to mark unsuitable or 
incomprehensible expressions. Analysis showed that 30 criteria were accepted by at least 50% of the drivers. A 
qualitative analysis showed that most of the negative aspects of steering feel were excluded. This implies that 
subjects, in contrast to the instruction, only included positive criteria. 
Thus, it was necessary to consult experts to ensure that the questionnaire covers all relevant aspect. N = 9 vehicle 
dynamics experts participated in the interview study. Analysis showed that 35 criteria were accepted by at least 50% 
of the experts, 13 of them were excluded by the truck drivers. Thus, a total of 43 evaluation criteria which were 
accepted by at least 50% of the truck drivers or experts were retained. 
2.3. Exploratory driving study 
A first exploratory driving study was conducted to test if evaluation criteria were comprehensible. N = 6 
workshop employees who were familiar with driving studies answered the questionnaire while driving in the city, on 
country roads and the motorway. Every evaluation criterion was rated individually as subjects were unfamiliar with 
the evaluation of steering feel [11]. Subjects were encouraged to verbalize any uncertainties in the moment that they 
occurred. Drivers reported that the questionnaire was too long and that some criteria should be excluded as they did 
not describe steering feel. On the other hand, important aspects were neglected. Moreover, some criteria required 
further specification to ensure that all drivers have a similar understanding. 
2.4. Inclusion of descriptions and driving situations 
Based on an interview study with N = 9 experts, 16 criteria were excluded since they were irrelevant or complete 
synonyms/antonyms. Afterwards, eight criteria originating from questionnaires for experts were included [6,7,9,12]. 
Since these criteria require an advanced level of expertise in driving dynamics, they are not suitable for non-experts. 
Thus, they had to be revised to adapt them to the expertise of truck d rivers. The target was that they do not use 
special technical terminology. However, criteria should be as exact as possible. 
Descriptions were developed for the 35 criteria to enhance comprehensibility and precision (see Table 1). Ten 
criteria were left without explanation as they offered no benefit.  
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As indicated above, experts usually observe more than one aspect at a time when assessing steering feel. In 
contrast to this, drivers are not trained in evaluating. Therefore, they should rate every criterion individually. Hence, 
the ideal driving situation for every criterion was specified by N = 8 experts. 
Table 1. Exemplary criteria including source, description and relevant driving situation. 
Criterion Source Description Driving situation 
Safe Non-expert - Overall assessment; narrow road 
Delayed Non-expert 
Time lag between steering wheel input and 
vehicle response 
Entering a curve; dynamic maneuvers 
Correction 
demand 
Expert 
Frequent and/or large steering wheel inputs 
are required to stay on intended course 
Straight road; wide curve 
2.5. Dimensions of steering feel  
Psychological questionnaires are usually separated into scales in which similar aspects are grouped. If dimensions 
instead of individual criteria are analyzed, more general results can be obtained. A literature research was conducted 
to get an overview of the dimensions most frequently used to describe steering feel [3,5,8,9,13,14,15,16,17, 
18,19,20,21]. Six dimensions were extracted: safety, vehicle response, comfort, steering activity, precision and 
steering feedback. 
 N = 98 drivers participated in the following interview study. The interviews lasted approximately 20 min each. 
Interviewees were recruited at motorway service areas in Germany and received incentives for participation. All 
subjects were male, 47.7 years old on average (SD = 9.8), have been driving a truck for 22.9 years (SD = 10.6) and 
had an annual mileage of 118.1 tkm (SD = 59.6). Prerequisite for participation was a professional activity as truck 
driver and good knowledge of the German language. Subjects were instructed to allocate the 35 evaluation criteria to 
the 6 dimensions presented above. Each criterion had to be assigned clearly to one dimension. Nevertheless, it was 
not necessary to allocate at least one criterion to every dimension. A hierarchical cluster analysis (average linkage 
within groups) revealed seven dimensions (see Table 2). They matched with those by Rothhämel et al. [10], Pfeffer 
and Harrer [19] and Wolf [9]. Nevertheless, this solution was not optimal as the number of criteria per dimension 
varied enormously. 
Table 2. Results of hierarchical cluster analysis. 
Dimensions of steering feel 
Comfort Vehicle response 
Steering activity Safety 
Precision Smoothness 
Discomfort  
2.6. Depicted rating scale 
The evaluation criteria were supplied with a niveau and liking assessment [6,7]. First, subjects function as a 
measuring instrument and rate to what extent a criterion is met by a vehicle (quasi-objective). Secondly, subjects 
rate the extent to which they like this particular aspect in a vehicle. This subjective evaluation is highly individual. 
For example, some drivers prefer rather low steering torques due to an increase in comfort while others prefer higher 
steering torques as they subjectively increase precision. All in all, the quasi-objective rating should be stable over all 
evaluators whereas the subjective rating is dependent on the drivers’ individual preferences. For both assessments, a 
10-point-scale derived from Zschocke [7] was used. In contrast to his scale, only the endpoints were labeled (1 ؙ
not at all; 10 ؙcompletely). 
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3. First application and evaluation of the questionnaire 
At this point, it is essential to evaluate the questionnaire. Thus, the goal of the following driving study was to 
identify incomprehensible criteria and to verify the dimensions of steering feel.  
3.1. Sample 
N = 41 drivers participated in a study with two different tractor units. Drivers were recruited at motorway service 
areas in Germany or already registered at an internal database for test subjects. Prerequisites for participation were a 
professional activity as truck driver, good knowledge of the German language, a minimal mileage of 30 tkm/a and 
regularly driving a semi-trailer truck. Subjects received payments in return for participation. Drivers were 43.3 years 
old on average (SD = 9.1), have been driving a truck for 20.8 years (SD = 10.0) and had an annual mileage of 67.7 
tkm (SD = 42.0).  
3.2. Procedure 
At the beginning, the criteria of the questionnaire were explained by the experimenters. Subjects were informed 
that the questionnaire may contain unfamiliar or incomprehensible aspects. Hence, drivers were encouraged to ask 
any question that occurred. Additionally, the scale was explained and an example was given. Subjects tested both 
vehicles on a route containing all relevant driving situations. They were accompanied by an experimenter and 
assessed the evaluation criteria individually and in a determined order. During the test drives (60 min each), subjects 
were asked to promptly mention any ambiguities. Moreover, the experimenters noted if the subjects showed any 
signs of uncertainty or misunderstanding. After both test drives, subjects were presented an overview of all 
evaluation criteria and asked to mark those which were especially intelligible.  
3.3. Analysis 
Five criteria were excluded as they were not comprehensible for at least 25% of the drivers. Another two criteria 
were excluded due to the experimenters’ observations. As the dimensions obtained from the cluster analysis were 
not satisfactory, an exploratory factor analysis (Promax-rotation) for the liking assessments of the remaining 28 
criteria was conducted (see Table 3). Item-total correlations and Cronbach’s α were calculated for the six extracted 
factors. Cronbach’s α lay between .794 and .390. Low values were found in the dimensions with fewer values, 
which is a general issue when interpreting Cronbach’s α [22]. Nevertheless, item-total correlations also showed the 
need to increase sample size and therefore stability of the factor solution. A qualitative analysis revealed that 
subjects showed an extreme response style since they preferred the scale points 1 / 2 and 9 / 10. As discussed in 
Weijters, Cabooter, and Schillewaert [23], this phenomenon occurs if the intermediate options of a scale are not 
labeled. Thus, subjects have difficulties discriminating all points of the scale and therefore favor the endpoints and 
adjoining response categories. As this problem must be solved prior to any correlation studies, the rating scale was 
optimized. 
Table 3. Results of exploratory factor analysis. 
Dimensions of steering feel 
Comfort Vehicle response 
Steering activity Controllability 
Stability Dynamics 
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4. Identification of the optimal rating scale 
4.1. Scale formats used in research on steering feel 
Firstly, a literature research was conducted in order to find a rating scale that can be depicted. Nevertheless, none 
of the scales used by other authors is suitable from a psychological point of view. In general, the number of response 
categories should be consistent throughout the evaluation to simplify the assessment and reduce cognitive load. 
Nevertheless, Harrer [6] used a unipolar 10-point scale as well as a bipolar 7-point scale, which was limited to a 
one-sided 4-point scale for certain criteria. Zschocke [7] utilized a 6-point scale for objective assessments and a 10-
point subjective rating scale.  
Furthermore, color codings of the rating scale (green/yellow/red) should be avoided. The change of color might 
increase the distance between two points and therefore violate the assumption of equidistance in interval scales. 
Still, the use of color codings is popular. Zschocke [7] and Harrer [6] both based their rating scales on the 10-point 
SAE system with color markers. Even if this scale is frequently used in practice it might be inadequate for research 
and statistical analyses.  
Although psychological research discusses if and how scale points should be described verbally, there is a 
consensus that either only the endpoints or all response categories should be labeled. However, Zschocke [7] labeled 
every second point of his 10-point rating scale. Thus, none of the existing scales was suitable and a new rating scale 
was constructed. 
4.2. Optimal number of scale points 
When determining the scale format of a questionnaire, the psychometric properties objectivity, reliability, and 
validity must be maximized. In recent research there is increasing evidence that psychometric properties improve as 
the number of response categories rises [24,25,26,27]. Satisfactory values for reliability and validity are found from 
five categories onwards [24,26,27]. Research suggests that this trend stagnates from seven options up [26,28,29]. 
With an increasing number of options, discriminating power of the scale also increases. Due to this, Preston and 
Colman [26] suggest six or more response categories. Nevertheless, subjects might not be able to discriminate all 
response categories. Hence, Weijters et al. [23] imply a limit of about seven alternatives. With an increasing number 
of scale points, the so called status quo heuristic can also be observed as the processing capacities of the subjects 
decrease and they tend to choose the same category irrespective of the assertion [30]. All these findings plead for an 
optimal number of categories of 6 to 7. Since O’Muircheartaigh, Krosnick, and Helic [31] showed that omitting the 
middle category led to lower reliabilities, a 7-point scale will be used. 
4.3.  Labeling of scale points 
At this point, it must be discussed if and how the seven scale points should be labeled. An increase in reliability 
was found for scales with verbal labels for all response categories compared to labeling the endpoints only [29]. 
Weng [27] also showed that labeling each scale point improved retest-reliability due to an increase of stability in the 
responses. Additionally, it facilitates the respondent’s ability to discriminate all categories [23]. Furthermore, 
misresponse to reversed items and extreme response styles are minimized [23]. Thus, the labels strongly disagree, 
disagree, slightly disagree, neutral, slightly agree, agree, and strongly agree were implemented [23]. 
4.4. Conclusion 
Based on the findings discussed above, a scale with seven labeled response categories was chosen. With this 
scale, psychometric properties of the questionnaire and ease of use should be maximized while response biases are 
minimized. 
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5. Summary 
In contrast to prior approaches, the development process of this questionnaire on steering feel directly involved 
its target group. In total, N = 215 truck drivers participated in the interview and driving studies. Moreover, experts 
were consulted to ensure a high quality of the questionnaire. Based on two interview studies and a literature 
research, non-expert and expert evaluation criteria were gathered. Additionally, the ideal rating scale was selected 
based on current psychological research. Both a cluster and factor analysis were conducted to allocate the criteria to 
dimensions of steering feel. Subsequently, suitable driving situations to assess the criteria were identified. Lastly, 
the questionnaire was evaluated in a driving study. In future research, it can be used to identify the correlations 
between subjective assessments of steering feel and objective parameters of the steering system. Thereby, the 
dimensions of steering feel should be revisited based on a larger sample size. 
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